Background: Predictors of recurrent ischemic stroke are less well known in patients with a recent ischemic stroke than in patients with transient ischemic attack (TIA). We identified clinical and radiological factors for predicting recurrent ischemic stroke in patients with recent ischemic stroke. Methods: A systematic search in PubMed, Embase, Cochrane Library, and CINAHL was performed with the terms "ischemic stroke," "predictors/determinants," and "recurrence." Quality assessment of the articles was performed and the level of evidence was graded for the articles included for the metaanalysis. Pooled risk ratios (RR) and heterogeneity (I 2 ) were calculated using inverse variance random effects models. Results: Ten articles with high-quality results were identified for meta-analysis. Past medical history of stroke or TIA was a predictor of recurrent ischemic stroke (pooled RR 2.5, 95% CI 2.1-3.1). Small vessel strokes were associated with a lower risk of recurrence than large vessel strokes (pooled RR 0.3, 95% CI 0.1-0.7). Patients with stroke of an undetermined cause had a lower risk of recurrence than patients with large artery atherosclerosis (pooled RR 0.5, 95% CI 0.2-1.1). We found no studies using CT or ultrasound for the prediction of recurrent ischemic stroke. The following MRI findings were predictors of recurrent ischemic stroke: multiple lesions (pooled RR 1.7, 95% CI 1.5-2.0), multiple stage lesions (pooled RR 4.1, 95% CI 3.1-5.5), multiple territory lesions (pooled RR 2.9, 95% CI 2.0-4.2), chronic infarcts (pooled RR 1.5, 95% CI 1.2-1.9), and isolated cortical lesions (pooled RR 2.2, 95% CI 1.5-3.2). Conclusions: In patients with a recent ischemic stroke, a history of stroke or TIA and the subtype large artery atherosclerosis are associated with an increased risk of recurrent ischemic stroke. Predictors evaluated with MRI include multiple ischemic changes and isolated cortical lesions. Predictors of recurrent ischemic stroke concerning CT or ultrasound have not been published.
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Introduction
Patients with a recent ischemic stroke are at risk for a second ischemic stroke with reported 1-year-incidence rates ranging from 8% to 14% [1] [2] [3] . In contrast to patients with transient ischemic attack (TIA), predictors of recurrent ischemic stroke in patients with a recent ischemic stroke are less well known. Clinical factors such as stroke subtype and past medical history of stroke have been reported to be associated with recurrent ischemic stroke [4, 5] . Over the last decade, radiological findings have gained more interest in predicting recurrent stroke. For instance, several studies that were based on findings of transesophageal echocardiography or cardiac CT angiography have reported associations between certain aortic plaque characteristics and recurrent hemorrhagic or ischemic stroke [6] [7] [8] . However, most imaging studies investigated different study populations and used different definitions for outcome, which makes it difficult to extract generalizable conclusions. The current knowledge gap concerns predictors of recurrent ischemic stroke in the general ischemic stroke population. We conducted a systematic review of both clinical and imaging predictors of recurrent ischemic stroke and performed a meta-analysis of the current literature.
Methods

Search Strategy and Selection
We performed a systematic search in PubMed, Embase, Cochrane Library, and CINAHL up to September 2017 by using synonyms of "ischemic stroke" and "predictors/determinants" and "recurrence" (online suppl. Table I ; for all online suppl. material, see www.karger.com/doi/10.1159/000490422). One author (F.K.) screened articles on the title and abstract for relevance by using the following inclusion criteria: unselected study population of patients with acute ischemic stroke, outcome was recurrent ischemic stroke and, effect estimate (risk ratio [RR] , OR or hazard ratio [HR]) including 95% CI was reported or could be calculated (online suppl. Fig. I ). Animal studies, studies in languages other than English, Dutch, German, French, or Spanish, case series, reviews, conference abstracts, and editorials were excluded for further review. Full-text screening was done independently by 2 authors (F.K. and R.T.). In case of disagreement between authors on the selected studies, consensus was achieved by means of discussion. Additional relevant papers were retrieved by means of a cross-reference check. To obtain comparable series of patients, series including patients with TIAs and series that were selected on age or stroke subtype were excluded. All supporting data are available within this article and its online supplements. This review was performed following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses criteria [9] .
Critical Appraisal
The relevance and validity of the included studies were appraised by 2 authors (F.K. and R.T.). A quality assessment score was formulated, which was based on the Newcastle Ottawa Quality Assessment Scale [10] . Furthermore, we added additional topics to the quality assessment score including study design, analyses, and outcome definition as has been done before in other systematic reviews (online suppl. Table II) [11] [12] [13] . If the quality assessment score was below 10, the study was excluded for the primary meta-analysis.
Level of Evidence
The reported determinants were deemed as predictive, nonpredictive, or inconsistent based on consistency of the reported estimates and clinical relevance (Fig. 1) [12] . In addition, every predictive or non-predictive determinant was given a level of evidence based on the amount of studies with (non-) significant estimates.
Data Extraction
Baseline characteristics of the included studies were collected including sample size and follow-up duration. RR, ORs, and HR on relevant outcome measures with corresponding 95% CI were extracted. In the absence of the relevant effect estimates, RRs were calculated using crude data. Two-by-two tables were formed and the RR was calculated using the following formula:
Statistical Analysis
The weighted incidence rate with 95% CI and weighted mean follow-up duration were calculated by weighing the studies on sample size. When 2 or more RRs were present per predictor, the pooled RRs with 95% CIs were computed by using the inverse variance random effects models in Review Manager (Review Manager (RevMan). Version 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Heterogeneity was quantified by calculating I 2 as a percentage. A low level of heterogeneity was present when I 2 was 25%, a moderate level when I 2 was 50% and a high level when I 2 was 75% [14] . Determinants were included for analysis only if multiple univariable RRs were available. A p value smaller than 0.05 was considered significant. To check for differences between low and high-quality studies, we performed a second meta-analysis including all the studies that were assessed for quality.
Results
Out of 2,173 unique articles we included 16 studies for quality assessment (online suppl. Fig. I ). Most studies were excluded because of selected study populations and deviating definitions of outcome. Six studies were excluded due to low-quality scores (Table 1 ) [15] [16] [17] [18] [19] [20] . Two studies used the same study population but investigated different determinants for the recurrence of ischemic stroke: one study investigated multiple predictors, while the other specifically focused on diabetes mellitus [21, 22] . We included both studies because each study provides additional information for this review. Finally, 10 studies remained for meta-analysis including 6 prospective cohort and 4 retrospective cohort studies [3, 4, [21] [22] [23] [24] [25] [26] [27] [28] . The included studies investigated a total of 212,864 patients with ischemic stroke. The weighted incidence rate of recurrent ischemic stroke was 99 (95% CI 98-101) per 1,000 person-years with a weighted mean follow-up duration of 13 months.
Predictive Factors
Clinical and imaging predictors of recurrent ischemic stroke are reported in Table 2 and visualized in Figure 2 . Strong level of evidence for the prediction of recurrent ischemic stroke was found for previous history of stroke or TIA with significant RRs ranging from 1.8 to 3.4 in 4 studies. Small vessel disease as compared to large artery atherosclerosis was associated with a lower chance of recurrence (pooled RR 0.3, 95% CI 0.1-0.7). Moderate level of evidence was found for a lower risk of an undetermined cause of stroke as compared to large artery atherosclerosis (pooled RR 0.5, 95% CI 0.2-1.1).
No predictive imaging factors based on CT or ultrasound were found. A moderate level of evidence for the prediction of recurrent ischemic stroke based on MRI was found for multiple lesions, multiple stage lesions, multiple territory lesions, chronic infarcts, and isolated cortical lesions, which are defined in online supplemental Table  III . A limited level of evidence was present for the association between white matter lesions and recurrence of ischemic stroke (pooled RR 1.5, 95% CI 0.9-2.6). A second meta-analysis including all the studies that were assessed for quality (Table 1) did not provide substantial different results compared to the analysis of the high quality studies (online suppl. Table IV) .
A single large (n = 196,765) Swedish study [4] reported the following positive and negative predictors of recurrent ischemic stroke during a one-year followup: age 76-85 years vs. age 18-65 years (HR 1.1, 95% CI 1.1-1.2), prior ischemic stroke (HR 1.3, 95% CI 1.2-1.4), prior myocardial infarction (HR 1.3, 95% CI 1.2-1.3), diabetes mellitus (HR 1.2, 95% CI 1.1-1.3), atrial fibrillation without warfarin treatment (HR 1.6, 95% CI 1.5-1.7), atrial fibrillation with warfarin treatment (HR 0.8, 95% CI 0.7-0.9), use of acetylsalicylic acid (HR 0.9, 95% CI 0.9-1.0), use of acetylsalicylic acid in combination with dipyridamole (HR 0.9, 95% CI 0.6-0.9), and use of lipid lowering medication (0.9, 95% CI 0.8-0.9). The reported predictors were further adjusted for female sex (HR 1.0, 95% CI 0.9-1.0) and medication use including clopidogrel (HR 1.1, 95% CI 1.0-1.2), calcium channel blockers (HR 1.0, 95% CI 1.0-1.1), betablockers (HR 1.2, 95% CI 1.2-1.3), diuretics (HR 1.1, 95% CI 1.0-1.1), and angiotensin converting enzyme (ACE) inhibitors (HR 1.0, 95% CI 1.0-1.0).
Non-Predictive Factors
Factors that were not predictive of recurrent ischemic stroke in at least 3 studies (strong level of evidence) were male sex, hypertension, dyslipidemia, diabetes mellitus, atrial fibrillation, use of anticoagulant medication, use of antiplatelet medication, and statin use (online suppl. Table V). Furthermore, no association was found for alcohol use, and the use of antihypertensive medication with a moderate level of evidence.
Inconsistent Factors
Conflicting evidence was found for the association between smoking and recurrent ischemic stroke (online suppl. Table VI) . Two out of 6 studies reported that smoking at baseline is significantly protective for recurrence of ischemic stroke. However, the remaining 4 studies provided neutral RRs. Conflicting evidence was also found for cardiac embolism as cause of the ischemic stroke compared to large artery atherosclerosis and for presence of prior cardiovascular disease. Only 2 studies provided univariable RRs for carotid intervention with broad confidence intervals.
Discussion
Strong evidence was found for past medical history of stroke or TIA and large rather than small vessel disease as predictors of recurrent ischemic stroke. There is a moderate level of evidence that patients with an undetermined cause of stroke had a more benign prognosis with respect to recurrent ischemic stroke than patients with large artery atherosclerosis. Negative associations were found for atrial fibrillation with warfarin treatment, use of acetylsalicylic acid, use of acetylsalicylic acid in combination with dipyridamole and use of lipid-lowering medication. When considering imaging predictors, a strong level of evidence was absent, but a moderate level of evidence was found for the association between recurrent ischemic stroke and the load of ischemic lesions on MRI.
No other systematic review focusing on prediction of recurrent ischemic stroke after recent ischemic stroke was found. We had to exclude several studies that studied clinical and imaging predictors of ischemic stroke because these studies investigated heterogeneous stroke Tau populations or subgroups of the general stroke population. For instance, several studies studied both patients with ischemic stroke and patients with a TIA. Since predictors of ischemic stroke recurrence differ between subgroups of the general stroke population and the general stroke population, the need for studying unselected study populations should be emphasized. Other studies that were excluded investigated predictors of recurrent stroke including hemorrhagic stroke. Several studies used recurrence of both hemorrhagic and ischemic stroke as outcome and they found that white matter lesions on MRI are associated with stroke recurrence, while in our metaanalysis, in which only recurrent ischemic stroke was used as outcome, only 2 studies provided evidence for this association [29, 30] . We chose to exclude hemorrhagic recurrences as outcome because causative mechanisms differ between ischemic and hemorrhagic stroke, which in turn may be related to recurrence. Similarly, causative mechanisms may differ between early and late recurrences of ischemic stroke. In our study, we could not analyze early and late recurrences separately because longitudinal data on recurrences were not provided. Future studies need to elucidate whether early and late recurrences of ischemic stroke indeed differ in causative mechanisms, how these outcomes should be defined and whether prediction models of recurrent ischemic stroke need to be adjusted for those differences.
It remains difficult to evaluate a possible association between the clinical predictors and the imaging findings. In this review, the prognostic imaging factors seem compatible with the reported clinical predictors. Previous ischemic events may lead to brain damage that can be seen on MRI. Furthermore, atherosclerosis of large arteries such as the internal carotid artery has been associated with multiple white matter lesions on MRI [31] . We think that the combination of baseline clinical and imaging factors remains vital for predicting recurrent ischemic stroke. If prior cardiovascular events are absent based on history taking, imaging studies may elucidate "silent" cerebrovascular disease, which has been associated with future stroke [32, 33] . To improve prediction models, the role of imaging needs to be established and, more specifically, future imaging studies should focus on determining the cause of stroke and previous ischemic brain damage.
Atrial fibrillation was not of predictive value according to our pooled findings. In the Swedish stroke registry study, patients with atrial fibrillation were divided in 2 groups: one group receiving anticoagulant treatment and one group not receiving anticoagulant treatment [4] . In multivariable analysis, anticoagulant treatment was associated with decreased risk of ischemic stroke recurrence, while no treatment was predictive for recurrence. Based on clinical risk scores, anticoagulant therapy is only indicated when the risk of ischemic stroke outweighs the risk of hemorrhagic complications [34] . In the other included studies, treatment was not addressed when assessing atrial fibrillation as a predictor, which may be the reason of atrial fibrillation not being a predictor of recurrent ischemic stroke according to our review. These results indicate that future studies should address treatment strategies in atrial fibrillation as distinct predictors of ischemic stroke recurrence. Ideally, the effect of anticoagulant treatment on ischemic stroke recurrences in patients with recent ischemic stroke and atrial fibrillation should be in- vestigated in a randomized placebo-controlled manner. The same goes for the treatment of other risk factors, but ethical objections may be raised.
A strong point of this study was the fact that we used strict criteria for study domain and outcome and that we analyzed the selected studies according to the well-established Preferred Reporting Items for Systematic Reviews and Meta-Analyses criteria. Because we only included unselected study populations of ischemic stroke and only studies with ischemic stroke recurrence as outcome, heterogeneity between studies was low and generalizability was high. Despite the fact that we had to exclude several studies because of our strict selection criteria, a sufficient number of studies were found to provide strong level of evidence for certain predictors of recurrent ischemic stroke. Furthermore, the gaps in current literature concerning recurrent ischemic stroke are highlighted and thereby encourage investigators to fill those gaps.
A drawback of this study was the possible existence of publication bias. Studies that did not find significant estimates may have been averted from publication. We could not formally test publication bias because the amount of studies was too low. No funnel plots were generated, since they may not detect publication bias as less than 10 studies were available per category [35] . Heterogeneity between studies may have been an issue, because differences were present across studies with respect to number of study participants, follow-up durations, and definitions of predictors. Furthermore, patients may have been treated differently across studies because treatment protocols have been improved over the years. However, within the single studies, all patients received the same treatment. Hence, considering the limitations of this study, we anticipate that the mentioned sources of heterogeneity will have limited impact on our pooled results. As most heterogeneity percentages were low, strict selection procedures were followed and inverse variance random effects models were applied to adjust for variations across studies. Future studies should anticipate on these heterogeneity issues by using similar follow-up durations (e.g., 90 days) and similar definitions of cardiovascular risk factors, stroke subtypes, and imaging variables.
In conclusion, clinical predictors of ischemic stroke recurrence have been well established. The role of imaging predictors is less well established and only investigated for MRI, which emphasizes the need for further investigation of imaging to visualize characteristics and causes of (recurrent) ischemic stroke.
